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RESULTS OF BIOLOGICAL STUDIES PERFORMED ABOARD 
THE I1ZOND-5, 6 ,  7" STATIONS 

0. G. Gazenko, V. V. Antipov, G. P. Parfenov 

ABSTRACT: Biological study of t he  earth-moon-earth 
t r a j e c t o r y  was begun with an experiment on the  "Zond-5" 
s t a t i o n  (1968) and was continued with t he  f l i g h t s  of 
nZond-6u and 1tZond-7ff s t a t  ions, These s t a t  ions ca r r i ed  
t o r t o i s e s ,  Drosophila, Tradescantia,  common onion bulbs,  
dry seeds of wheat, bar ley ,  e t c , ,  d i f f e r e n t  s t r a i n s  of 
Chlore l la ,  e n t e r i c  bacil:  t ,  and o ther  objects .  Physio- 
l og i ca l ,  morphological, histochemical,  gene t ic ,  and 
other methods were used t o  s tudy poss ib le  e f f ec t s .  In 
these experiments the  research objec ts  and methods were 
cons is ten t  with research on t h e  tfVostok,ff ltVoskhod,'~ 
and wKosmosff ships.  The t o t a l  dose of cosmic r ad i a t i on  
was approximately t he  same on a l l  th ree  f l i g h t s  (3.5 rad) .  
The main cont r ibu t ion  t o  t h i s  dose was from penetrat ing 
r ad i a t i on  of the  r ad i a t i on  b e l t s  received during f l y -  
through. Deta i l s  a r e  given f o r  each b io logica l  ob jec t  
used i n  the experiment. It was found t h a t  f l i g h t  condi- 
t i ons  on these  t h r ee  vehicles  did cause d e f i n i t e  s h i f t s  
i n  the  physiological  funct ions and hered i ta ry  s t r u c t u r e s  
of some objec ts  but both q u a l i t a t i v e l y  and quan t i t a t i ve ly  
these changes d id  not s u f f e r  from the  s h i f t s  observed i n  
experiments made i n  o r b i t s  below the  r ad i a t i on  be l t s .  
Accordingly, r ad i a t i on  conditions on the  inves t iga ted  
earth-moon-earth t - ra jec tory  a r e  not dangerous f o r  manned 
f l i g h t  provided t h a t  s o l a r  a c t i v i t y  is a t  a  low level .  

The experiments ca r r i ed  out on the  automatic "Zond-5, 6 ,  7" s t a t i o n s  

represent  a  fu r the r  s t e p  i n  t he  implementation of b io log ica l  research i n  

space. Their basic  ob jec t ive  was a  s tudy of t he  changes i n  s t ruc tu re s  and 

functions of b io log ica l  ob jec t s  under t h e  inf luence of weightlessness,  

ionizing rad ia t ions  (pr imari ly  t h e  penetrat ing r ad i a t i on  from the  e a r t h ' s  

r ad i a t i on  b e l t s ) ,  and o ther  f a c t o r s  involved i n  f l i g h t  along the  earth-moon- 

e a r t h  t ra jec tory .  

Almost 13 years  have elapsed s ince  the  f i r s t  b io log ica l  experiment i n  

space aboard the  a r t i f i c i a l  e a r t h  s a t e l l i t e  which ca r r i ed  the  dog Layka 

(1957). During t h a t  per iod,  Soviet and American researchers  have accumulated 

* Numbers i n  the  margin ind ica te  pagination i n  t h e  foreign t ex t .  



a r e l a t i v e l y  grea t  amount of information character izing the b io logica l  

(gene t i c )  e f f e c t  of spacef l igh t  f ac to r s  i n  o r b i t s  lying below the e a r t h ' s  

rad ia t ion  b e l t s  o r  penetrat ing s l i g h t l y  within them. The i-esults have been 

s u f f i c i e n t l y  well generalized and analyzed i n  a number of thorough papers 

L1-51, and have already been applied i n  formulating appropriate  recommenda- 

t i ons  concerning manned f l i g h t .  

The biological  study of the earth-moon-earth t r a j ec to ry  was begun with 

an experiment on the  "Zond-5" s t a t i o n  (1968) and was continued with the f l i g h t s  

of the  "Zond-6" and "Zond-7" s t a t i ons .  

Before proceeding t o  an exposi t ion and ana lys is  of some of the  basic  

r e s u l t s ,  we w i l l  make some general comments of a methodological nature. 

The s t a t i o n s  ca r r i ed  t o r t o i s e s ,  Drosophila, T r a d e ~ c a n t i ~ ~  [spiderwort],  

bulbs of Allium cepa [common onion], dry seeds of wheat, bar ley,  e tc . ,  

d i f f e r en t  s t r a i n s  of Chlorel la ,  e n t e r i c  b a c i l l i ,  and o ther  objects .  Physio- 

l og ica l ,  morphological, histochemical,  gene t ic ,  and other  methods were used i n  

studying possible  s h i f t s .  It  should be noted t h a t  i n  these experiments 

t he re  was consistency with respect  t o  the  objec ts  and research methods with 

the  data  obtained on the  "Vostok, uVoskhod" and wKosmcm " ships.  

With respect  t o  scope of research and range of oiological  ob jec ts ,  the  

experiments on the  "Zond-5" and "Zond-7" s t a t i o n s  w e r e  v i r tua l ly  i d e n t i c a l ;  

the  experiment on f1Zond-6n was made with an abbreviatea program. 

The mater ial  a r r ived  a t  the  laboratory a t  d i f f e r en t  times subsequent 

t o  f l i g h t  termination. The experiment aboard the  'IZonrf -5" s t a t i o n  was l e a s t  

favorable i n  t h i s  respect.  

The t o t a l  dose of cosmic rad ia t ion  r eg i s t e r ed  by d i f f e ren t  types of 

dosimeters (direct-reading,  thermoluminescent g l a s ses ,  i ~ u c l e a r  emulsions, 

e t c . ) ,  placed a t  the s i t e s  of biological  capsule attachment, during a l l  t h r ee  

f l i g h t s  was approximately i d e n t i c a l ,  about 3.5 rad; t h i s  corresponds t o  the  

computed data  i n  [7]. The main contr ibut ion t o  the  uose was from the pene- 

t r a t i n g  rad ia t ion  of the r ad i a t ion  b e l t s  during the  1in.e of fly-through. 

About 10% of the dose consis ted of rad ia t ion  receive0 b:r the biological  ob jec ts  

from a source present aboard the s t a t i on .  



Research on t o r t o i s e s  

a )  Resul ts  of experiment on IfZond-5'' s t a t i o n  

A s  a l ready reported C6, 81, the  ob jec t s  i n  t h i s  expei5iment were e igh t  

sexual ly  mature male s teppe t o r t o i s e s  ( ~ e s t u d o  Horsf ie ld i  G r : , )  weighing 340 

t o  400 g. Two animals (experimental group) were aboard the  automatic s t a t i o n  

and two (cont ro l  groups) were t ransported t o  t he  launchiqg s i t e  and back; four  

( i n t a c t  group) were kept  i n  a vivarium. The t o r t o i s e s  i n  t he  experimental and 

cont ro l  groups were s ta rved  and received no water f o r  39 days. 

With respect  t o  ex te rna l  appearmce and behavior a t  the  time of t he  

pos t f l i gh t  exalnination, the  t o r t o i s e s  i n  a l l  t h r ee  groups exhibi ted no 

differences.  

The alimentary a c t i v i t y  of both t he  experimental and cont ro l  a n i m ~ l s ,  

which had been flown t o  t he  launching s i te ,  and the  i n t a c t  animals, kept  i n  t he  

vivarium, was i den t i ca l l y  h4gh. The weight of t he  t o r t o i s e s  ca r r i ed  aboard 

t he  s t a t i o n  was low i n  comparison with the  i n i t i a l  p r e f l i g h t  weight by approxi- 

mately 10%; i n  t he  cont ro l  group, the  weight l o s s  during t h i s  period was 5%. 

No s i g n i f i c a n t  hematological s h i f t s  and electrocardiogram changes were exhib i ted  

by the  examined animals. 

A comparative microscopic study of orglns  from the experimental,  cont ro l  

and i n t a c t  t o r t o i s e s ,  made by N. A. Gaydamakin, e t  a 1  C81, revealed,  i n  

p a r t i c u l a r ,  t he  following changes. In t he  tor t ,oises  of t he  experimental and 

cont ro l  groups, i n  comparison with t he  animals kept i n  t h e  vivarium, t he  

diameter of t he  i n t e s t i n e ,  thickness  of t he  muscle wa l l ,  and length of mucous 

membrane v i l l i  had decreased. The epithelium of c rypts  exhibi ted c e l l s  with 

pyknotic nuc le i  and l ipofuchsin inclusions.  The mi to t ic  a c t i v i t y  of c rypt  L4 
epithelium was depressed and the RNA content i n  e p i t h e l i a l  c e l l s  was reduced. 

In t he  l i v e r ,  t he  l i p i d s  were t o t a l l y  depleted,  t he  volume of hepatocytes 

and the  s i z e  of t h e i r  nuclei  were reduced, and the  number of sperm c e l l s  i n  

the  seminal ve s i c l e s  was smaller. The a c t i v i t y  of succinate  dehydrogenase and 

( t o  a l e s s e r  degree) a lka l ine  phosphatase c l e a r l y  increased i n  some elements 

of the  i n t e s t i n a l  wa l l ,  i n  t h e  t e s t e s ,  l i v e r ,  and kidneys. In these same 

organs,  t he re  was a decrease i n  the  a c t i v i t y  of monoaminc~xidase and 



b) Results of experiment on ItZond-7': s t a t i o n  

The experiment was made on 30 sexual ly  mature male s teppe t o r t o i s e s  

of t he  same species  and approximately the  same weight a s  on the  1fZond-5tt 

s t a t i on .  The vehic le  ca r r i ed  four  tortciises (experimental group); t he re  

were f i v e  cont ro l  groups, one of which ( four  t o r t o i s e s )  made the  t r i p  t o  t h e  

launching s i t e  and back. The animals i n  the  other  four  grqups remained i n  

t h e  laboratary and were exposed t o  ionizing r a d i a t i o n ,  

t ransverse acce le ra t ions  and a combination of these  two f a c t o r s  with 

parameters c lose  t o  t h e  i n - f l i gh t  fac tors .  The t o r t o i s e s  i n  t he  experimental 

and control  groups received no food o r  water f o r  27 days. The s i x t h  group 

was a  b io log ica l  cont ro l ;  t h e  animals were on an ordinary vivarium d i e t  and 

were not exposed t o  any extremal fac tors .  The experimental t o r t o i s e s  a r r i ved  

a t  t h e  laboratory on t h e  f i f t h  day a f t e r  the  vehicle  landed. 

I t  was found tha t  t he  weight of a l l  the  animals, o ther  than the  bio- 

l og i ca l  con t ro l ,  decreased by 8.7 t 0.7%. The t o r t o i s e s  kept i n  t h e  

vivarium on the  ordinary d i e t  gained during t h i s  t i m e  by an average of 10% 

of t h e i r  i n i t i a l  weight. Thus, t he  d i f fe rence  was about 20%, taking i n t o  

account t he  weight l o s s  of t he  s ta rv ing  t o r t o i s e s  and the  weight gain f o r  t he  

animals i n  the  b io logica l  control .  

The spacef l igh t  condi t ions and t ranspor t  t o  the  launching s i t e  and back 

exerted no s i g n i f i c a n t  e f f e c t  on t he  inves t iga ted  per iphera l  blood ind ices  

( t o t a l  number of leukocytes,  e ry throcytes ,  e t c . )  and the  electrocardiogram 

f o r  t he  animals. 

According t o  da ta  published by N. A. Gaydamakin, e t  a l ,  i n  [ 9 ] ,  i n  

sec t ions  of t he  l i v e r ,  kidneys,  i n t e s t i n e ,  and t e s t e s ,  t he  a c t i v i t y  of succ i -  

pa te  dehydrogenase, monoaminooxidase, NAD-diaphorase, a lka l ine  and ac id  

phosphatases, as  w e l l  a s  t he  content of f a t ,  glycogen and RNA, were charac- 

t e r i z e d  by considerable individual  var ia t ions .  Unambiguous s h i f t s  i n  t he  

determined indices  could not be detected. The same appl ies  t o  the  r e s u l t s  

of cytological  and histochemical inves t iga t ions  of the  sp leen ,  i n  whose 

sec t ions  the  s i z e  and number of f o l l i c l e s ,  number of mitoses i n  t h e  f o l l i c l e s ,  



and number of ac t i ve  (pyroninphi l ic )  r e t i c u l a r  c e l l s  were determined. Some 

unid i rec t iona l  data  were obtained i n  the  his tological . ,  karyometric (L. S. 

Sutulov, e t  a l ) ,  and neurohis tological  (S. G. Kul lk in ,  e t  a l l  inves t iga t ions  

of these animals. However, t he  detected changes were nonspecif ic ,  ordinary 

f o r  the reac t ion  of t he  t o r t o i s e  body, and were a l s o  observed i n  t he  animals 

i n  t he  cont ro l  groups exposed t o  t he  inf luence of some f l i g h t  f ac to r s  i n  t.he 

laboratory. 

In analyz,ing the co l lec ted  mater ia l ,  w e  11o t~d  the  following important 

points .  

In t h e  t o r t o i s e s  which made the  f l i g h t  on 1'Zond-5tt s t a t i o n  the  changes 

were f o r  t he  most p a r t  of an a t rophic  nature.  Def in i te  d i f fe rences  were 

es tab l i shed  i n  the  degree of a t rophic  changes and histochemical s h i f t s  i n  t he  

organs of t he  experimental animals and i n  t he  con t ro l s  which had been flown t o  L6 
t h e  launching s i t e  and back. In  t he  experimental t o r t o i s e s ,  the  a t rophic  

changes were more c l e a r l y  expressed; t h i s  can be a t t r i b u t e d  t o  t he  add i t i ona l  

e f f e c t  of spacef l igh t  f ac to r s .  This was ind ica ted ,  i n  p a r t i c u l a r ,  by a  

decrease (in comparison with the  cont ro l  t o r t o i s e s )  i n  the  organs of t he  experi-  

mental animals of the  a c t i v i t y  of monoaminooxidase, involved i n  t he  int imate  

metabolism of s e r o t i n i n ,  whose l e v e l ,  according t o  some authors [ lo ,  111, can 

change under the  influence of f l i g h t  condi t ions and individual  extremal f ac to r s .  

However, i f  one takes i n t o  account t he  d i s t i n c t i v e  ecology of t h i s  spec ies  of 

animal, t he  marked seasonal va r i a t i ons  i n  p ~ ~ y s i o l o g i c a l  a c t i v i t y  and t h e  

i n t ens i t y  of metabolism i n  t he  t i s s u e s ,  dependent t o  a  considerable degree on 

ambient temperature, it  could a l s o  be postulated t h a t  these d i f fe rences  were 

caused t o  a  c e r t a i n  degree by the  presence of these animals i n  a  t r o p i c a l  

climate. A c e r t a i n  r o l e  could a l s o  be played by the  condi t ions of t h e i r  

t ranspor t  by s ea  from the  s i te  of launching. Comparison of t he  da ta  obtained 

i n  t h i s  experiment shows t h a t  the  p r inc ipa l  s t r u c t u r a l  s h i f t s  i n  t h e  t o r t o i s e s  

were caused by s t a rva t ion  and t o  a  l e s s e r  degree,  by exposure t o  f l i g h t  

conditions.  

In t he  animals exposed aboard the  I1Zond-7" s t a t i o n ,  the  organs a l s o  

exhibi ted a t rophic  changes, but l e s s  c l e a r l y  expressed than during f l i g h t  

aboard the  "Zond-5" s t a t i o n .  This is obviously a t t r i b u t a b l e  pr imari ly  t o  t h e  



f a c t  t h a t  t h e  s t a r v a t i o n  during t h e  f1Zond-5ff exper inen t  was more prolonged 

and t h e  animals during some of t h e  t ime were a l s o  exposed t o  a  t r o p i c a l  c l i -  

mate. 

An important p e c u l i a r i t y  f o r  t h e  t o r t o i s e s  c a r r i e d  aboard t h e  "Zond-7" 

s t a t i ~ n  was t h e  considerable  ind iv idua l  v a r i a t i o n s  i n  t h e  degree of h i s t o -  

chemical ~ h a n g e s .  

In conclus ion,  it should be noted t h a t  t h e  changes d e t e c t e d  irt t h e  

t o r t o i s e s  which f lew t h e  earth-moon-earth t r a j e c t o r y  a r e  of an o rd inary  

adapt ive  na tu re  and can a r i s e  under t h e  in f luence  of a number of f a c t o r s  

s imulated i n  tile laboratory .  There were.no d e t e c t a b l e  speci:'ic changes which 

could be a t t r i b u t e d  t o  exposure t o  weight lessness  o r  t h e  heavy component o f  

cosmic r a d i a t i o n  i n  t h e s e  experiments. 

Research on Drosophila 

Several  hundred eggs of Drosophila of t h e  normal l i n e  Domodedova-32 were 

c a r r i e d  aboard t h e  llZond-5" s t a t i o n  i n  che populat ion chamber. By launching 

time they were t o  have reached t h e  imago s tage .  An a n a l y s i s  was made of t h e  

second genera t ion  of i n d i v i d u a l s  which upon r e t u r n  t o  t h e  l abora to ry  were i n  

t h e  l a t e  pupa and e a r l y  imago s tages .  A s tudy  was made of t h e  s e x  chromosomes 

of males and females and chromosome 2 f o r  t h e  purpose of determining t h e  

frequency of r e c e s s i v e  l e t h a l s .  Sub le tha l s  i n  t h e  s e x  chromosome were a l s o  

taken i n t o  account. Table 1 g ives  summarized d a t a  f o r  t h i s  experiment. 

TABLE 1. 
- - 

The inc rease  i n  t h e  frequency of l e t h a l s  i n  t h e  male s e x  chromosome i n  

comparison wi th  t h e  spontaneous frequency, a l though no t  g r e a t ,  w&s near ly  

s t a t i s t i c a l l y  r e l i a b l e .  The frequency of l e t h a l s  i n  females i n  t h e  experiment L8 
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h 

I2 

2 
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and i n  t he  laboratory and i n  the laboratory cont ro l  was approximately 

t he  same. This can evident ly  be a t t r i b u t e d  t o  the  f a c t  t h a t  t h ?  females 

received ha l f  of t h e i r  X-chromosontes from F i n  which no l e t h a l s  coule  be 
1' 

present.  I t  is a l s o  poss ib le  t h a t  t he  p e c u l i a r i t i e s  of gametogenesis i n  the  

females and males, caused by d i f f e r e n t i a l  e l iminat ion of l e t h a l  chromosomes, 

was a l s o  important. The frequency of autosomal l e t h a l s  was a l s o  higher than 

i n  t he  experimental group, but t h i s  t e s t  was made on autosomes which were not 

checked out i n  advance and the re fo re ,  t he  r e s v l t s  a r e  of l imited value C61. 

Research on p l an t s  

The experiments were made with a i r -dr ied  seeds of wheat, bar ley ,  peas ,  

p ine ,  c a r r o t ,  tomato, and mustard, bulbs of t he  common onion, and the  flowering 

p lan t  Tradescantia paludosa. The seeds were exposed on a l l  th ree  s t a t i o n s ,  

t he  bulbs oil "Zond-5" and "Zond-7," and the  p lan t  on "Zond-5." 

Evaluation of the b io logica l  e f f e c t s  of f l i g h t  condi t ions was based on 

such c r i t e r i a  a s  sesd germination, growth r a t e  of sp rou t s ,  percentage of 

chromosomal rearrangements a t  the  po in ts  of growth of primary r o o t s ,  e tc .  

Some of the  seeds were l e f t  f o r  f i e l d  sowing. 

Analysis of t he  inves t iga t ions  made by N. L. Delone, e t  a 1  111-131 revealed 

t he  following. The germination of the experimental and cont ro l  seeds d i f f e r ed  

i n s i g n i f i c a n t l y ,  not counting the  "growing o ldu  wheat and pea seeds from the  

harvest of 1965. However, t h i s  f a c t  is not new, s ince  t he  phenomenon of 

" r~ juvena t ion"  of seeds which had l o s t  t h e i r  germinating force  had already been 

observed during o ther  f l i g h t s  [14-161. 

A s  a l ready mentioned, some of the  wheat and bar ley seeds were planted i n  a  

f i e l d  a f t e r  f l i g h t  on a l l  th ree  s t a t i o n s .  It was discovered i n  these  i nves t i -  

gat ions t h a t  there  was a  s t imula t ion  of growth and development under poor 

cu l t i va t i on  conditions (low temperature i n  winter and sp r ing ,  f r i t  f l i e s  i n  the  

bar ley f i e l d s ,  e tc .  ). 

In order  t o  determine the  r o l e  of the  temperature f a c t o r  i n  t he  observed 

s t imula t ion  e f f e c t ,  N. L. Delone, e t  a 1  ~ a r r i e d  out t he  following laboratory 

experiment. Some of t he  seeds which had been ca r r i ed  on ItZond-7" were divided 

i n t o  th ree  groups. Seeds i n  t he  f i r s t  group were cu l t i va t ed  a t  a  temperature 



of +8OC, those i n  t he  second group - a t  +18 t o  20°C, and those i n  the  t h i r d  

group a t  +35OC. It was discovered t h a t  whereas i n  the  secon:  group there  

was no d i f fe rence  i n  the  sprout ing and r a t e  of growth between t h e  experimental 

and cont ro l  p l a n t s ,  i n  t he  f i r s t  and t h i r d  groups t h e  experimental p l an t s  

were super ior  t o  t he  controls .  

Chromosomal impairments were s tud ied  i n  a l l  t he  f l i g h t  experiments with 

dry seeds. It  is in t e r e s t i ng  t o  note t h a t  during f l i g h t s  on the  uVostok,ll 

l T V ~ ~ k h ~ d , t t  and flKosmosfl sh ips  i n  some cases  there  was a - e l i a b l e  increase i n  

the  percentage of chromosomal rearrangements. However, i n  these  experiments, 

the s e n s i t i v i t y  of t h e  p l an t s  t o  spacef l igh t  f z c t o r s ,  determined from the  

number of chromosomal impairments, d id  not coincide with t h e i r  s e n s i t i v i t y  t o  

y-radiation. In experiments on t h e  I1Zond-5, 6 ,  7" s t a t i o n s ,  such a co r r s l a -  

t i o n  was es tab l i shed  f o r  the  f i r s t  time. A r e l i a b l e  increase i n  chromosomal 

rearrangement was observed i n  the  experimental bar ley and pine seeds,  t he  seeds 

of the  most rad iosens i t ive  p lan ts  among those pa r t i c ipa t ing  i n  t he  experiment. 

This f a c t  is i l l u s t r a t e d  i n  p a r t  by t h e  da ta  given i n  Table 2. 

In an ana lys i s  of the  da ta  obtained i n  Lhe 1tZond-611 experiment, we note 

the  discovery of spec i a l  complex recombinations and the  e j e c t i o n  of chromatid 

blocks i n t o  the cytoplasm. N. L. Delone, e t  a1  f e e l  t h a t  these chromatid 

blocks a r e  of t he  same nature  a s  the  l f spher ica l  fragments" 'vhich w e r e  r eg i s t e r ed  L l O  

in  the  experiments with Tradescantia on the  "Vostok" and "VoskhodV ships .  

A study of the  types of chromosotrr;il impairments revealed t h a t  i n  the  

experimental mater ia l ,  it is chromosomal rearrangements which a r e  most common, 

whereas, i n  the  con t ro l s ,  chromatid rearrangements a r e  most common. In t he  

overwhelming majority of cases  t he  number of recombinations predominates 

i n  t he  experiment, whereas, the  cont ro l  s x h i b i t s  a predominance of fragments. 

In te res t ing  da ta  were obtained by N. I. Nuzhdin, e t  a1  [181 i n  a 

cytological  study of bar ley seeds which had flown on the 11Zond-51f and 



TABLE 2. 
CHROMOSOMAL REARRANGEMENTS I N  PRIMARY ROOTS OF SOME 

HIGHER PLANTS AFTER FLIGHT OF SEEDS AND COMMON 
ONION BULBS ON MZOND-5ff 

Commas represent  decimal points.  

5 p e  of 
object  

m e a t  

Barley 

tfZond-6" s t a t i ons .  I n  these  experiments, as  i n  the stuc!ies by N. L. Delone, 

e t  a1 [12-171, it  was demonstrated t h a t  spacef l igh t  f ac to r s  induce chromo- 

somal mutations. With a combined exposure t o  spacef l igh t  f ac to r s  and 

y-radiat ion,  the  e f f e c t  is dependent on the  physiological s t a t e  of the mater ial  

and the i r r a d i a t i o n  dose. Under some condit ions,  there  is an addi t ive  e f f e c t  

of the two f a c t o r s ,  whereas, i n  o thers  i r r ad i a t ion  exceeds the  e f fec t iveness  

of spacefl ight  fac tors .  

Some r e s u l t s  of these inves t iga t ions  a r e  given i n  Table 3. This t a b l e  

Gr-oups . 

Experinlent 

Control 

Experiment 

Control 

Number of 
anaphases 

I128 
I001 

1741 
798 

I 

700 
I100 

1676 
IIQ8 

1085 
2I2I 

A 

Pine 

Pea 

j 

rir 

Bulbof  
common 
onion 

Number of 
rearrange- 

ments 

31 . 

30 

49 
'8 

Experiment 

Control 

Experiment 

Control 

Experiment 

Control 

61 
29 

41 
I5  

21 
17 

% of rearrange- 
ments 

3 

2.75 0.49 
8.00 k 0.54 

2.82 3 0.40 
1.00 a 0.35 

R 

0.84 

3.43 

8.71 3 1.06 
2,65 0.48 

2,45 0.37 
1.35 0,35 

1.8 ;t 0.4 
0.8 2 Q.05 

5822 

2.2 

2.7 



shows r e l i a b l e  d i f f e r e n c e s  i n  t h e  appearance of aber ran t  c e l l s  between t h e  

exper imer~ta l  and c o n t r o l  - ~ a r i , u l t s  i n  a l l  series ( P  < 0.02 t o  c: 0.001). 

Accordingly, s p a c e f l i g h t  f a c t o r s  i n  both  r a d i o r e s i s t a n t  (Pamir reproduct ion)  

and r a d i o s e n s i t i v e  (Estonian reproduct ion)  szeds  iqduced an  appearance of 

aber ran t  e l l s  which was g r e a t e r  than  i n  t h e  con t ro l .  

In  t h e  opinion of N. I. Nuzhdin, e t  a l ,  +he somewhat increased percent-  

age o f  aber ran t  c e l l s  i n  t h e  Pamir reproduct ion i n  comparison wi th  the 

Est0n i .n  reproduct ion is caused by d i f f e r e n c e  i n  t h e  c o n t r o l  and cannot be 

at.+ribu'ced t o  t h e  in f luence  of s p a c e f l i g h t  f a c t o r s .  An increased percentage 

of c e l l s  wi th  chromosomal i m p i r m e n t s  i n  t h e  u n i r r a d i a t e d  mate r ia l  is a  

d i s t ingu i sh ing  c h a r a c t e r i s t i c  of seeds  of t h e  Pamir reproduct ion i n  comparison 

b . t h  t h e  Estoni:..~ reproduction.  Accordingly, d e s p i t e  t h e  g r e a t  d i f f e r e n c e s  i n  

t h e  r a d i o s e n s i t i v i t y  of t h e  seeds  i n  t h e  two reproduc t ions ,  a s  c?n be judged 

from t h e  percentage of zber ran t  c e l l s  i n  t h e  c c n t r o l  i n  s e r i e s  I1 and 111, 

s p a c e f l i g h t  f a c t o r s  induced an ident ica!  percerltage of a b e r r a n t  c e l l s .  

d i f f e r e n t  r e s u l t s  were obta ined i n  s e r i e s  I1 and 111, i n  which t h e  seeds  were 

i r r a d i a t e d  before o r  a f t e r  f l i g h t .  In  t h i s  c a s e ,  s p a c e f l i g h t  f a c t o r s  were 

considerably  more e f f e c t i v e  i n  t h e  Estonian reproduction.  A c c ~ r ~ l i n g l y ,  t h i s  

is a  v a r i a n t  i n  which t h e  combined e f f e c t  of y - i r r a d i a t i o n  and s p a c e f l i g h t  

f a c t o r s  is more e f f e c t i v e  and is no t  manifested i n  a  simple a d d i t i v e  form. 

The f l i g h t  cond i t ions  on t h e  1fZond-5" and llZond-7'' s t a t i o n s  e x e r t e l  a  /I3 - 
s t imula t ing  e f f e c t  on t h e  germination and growth of Allium cepa sprou t s .  The 

experimental  groups e x h i b i t e d  an inc rease  i n  t h e  percentage of chromosomal 

rearrangements i n  comparison wi th  t h e  c o n t r o l  (R = 2 .7) .  

It should be noted t h a t  no ch lo rophyl ic  o r  o t h e r  mutations were d i s -  

covered i n  t h e  sown b a r l e y ,  wheat and onion. 

The flowering p l a n t  Tradescantia was exposed on t h e  tlZond-fi" sza t ion .  

I t  was re tu rned  t o  t h e  l abora to ry  i n  a good condi t ion ,  but  u n f o r t u n a t e l y ,  a t  

a  l a t e  date .  Analysis of chromosomal impairments i n  t h e  r o o t l e t s  revealed no 

s u b s t a n t i a l  d i f f e r e n c e s  between t h e  experiment ar,d con t ro l .  I t  is not  

i r p o s s i b l e  t h a t  t h e  l ack  of rcarrangements is a t t r i b u t a b l e  t o  t h e  f a c t  t h a t  

t h e  mate r ia l  was i n v e s t i g a t e d  t o o  l a t e ,  when t h e r e  had been s e v e r a l  generat ions  

of mitoses between t h e  t ime when t h e  mater ia l  was f i x e d  and t h e  t ime when t h e  
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f l i g h t  ended C61. 

Research on Chlorel la  and Lysogenic bac ter ia  

The "Zond-5" s t a t i o n  ca r r i ed  three  s t r a i n s  of un ice l lu l a r  Chlorel la  

algae: LARG-1, LARG-3, and LARG-5; the  1tZond-7" s t a t i o n  ca r r i ed  the s t r a i n  

LARG-1. A cu l ture  or' ? y z c ~ o n i c  bac ter ia  E. c o l i  K-12 ( A )  was used i n  experi-  

ments on both s t a t i ons .  

A study was made of the e f f e c t  of spacef l igh t  f ac to r s  on the  v i a b i l i t y ,  

h t a b i l i t y ,  and dynamics of development of Chlore l la  ce l l s .  In analyzing 

the  dynamics of c e l l  sporu la t ion ,  a count was made of t he  number of autospores 

forming during the f i r s t  (tfZond-5tf), and i n  t h e  f i r s t  and second sporulat ions 

("Zond-7It). The basic  r e s u l t s  obtained by E, N. Vaulina, e t  a1  (19, 201 a r e  

summarized i n  Tables 4 t o  6. 

The experiment on 11Zond-51t revealed a decrease i n  the  v i a b i l i t y  of c e l l s  

which had flown i n  space and some lag i n  t h e i r  development ( s t r a i n s  LARG-3 

and LARG-5).  The s t r a i n s  LARG-1 and LARG-5 exhibi ted an increase i n  the 

f ~equency of apparent mutations. 

TABLE 4. 

EFFECT OF SPACEFLIGHT FACTORS ON f1ZOND-51f ON VIABILITY 
OF CHLORELLA CELLS 

Commas represent decimal points.  

S t r a in  

URG-3 

MG-5 

LARG-1 

Variant 

Gontrol 

Experiment 

Gontrol 

Experiment 

: ~ o r ~ t - r o l  

Experiment - .  
A 

\ ' iabi l iW %J 

B 

I2,O 

I0,8 

394 

e r r o r  

94,6 j: 0,84 
75,O f 1.41 

28,3 2.08 
3,6 0,95 

91.9 a 0,97 
8S,I f f 976 

Control experiment 
f mdiff  

1$,6 2 I,64 

.24,7 2,28 

6,8 f 290 



TABLE 5. 

NKRER OF MUTANTS OBSERVED IN CIFFERENT CHLORELLA 
STRAINS AFTER FLIGHT ON "ZOM)-5'f 

Commas represent decimal points. 

Strain 

WRG-3 

WRG-5 

U R G - ~  

Number of 
jrlvestigot 
-colonies 

I8891 
12699 

s292 
I2549 

u842 
6710 

Variant 

' ~ . o n t v o l  

. Experiment 

' Ctqntrol 

Experiment 

, Cbntrol 

Experiment 

Nuder of muta~ts  i n  Y4 

t B 

0,64 

7,6 

596 

I 

.errar 

0,875@,068 
0 , 9 4 w  ,086 

o,840~o,080 
I ,330fi, I03 

0,49%0,046 
I,8IOflS138 

Control experim 
It mdiff 

0,0'Q09109 

0,9%$,130 

0 8xw,I46 9 
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In the  IfZond-7" experiment, there  was a tendency t o  an increase i n  t h e  

percentage of v i a b i l i t y  and a decrease i n  the  death of c e l l s  a t  d i f f e r e n t  

s tages  of development i n  comparison with t he  control .  There was a s l i g h t  

tendency t o  an increase i n  t he  mean number of autospores and the  a n t i -  

mutagenic e f f e c i  of spacef l igh t  f a c t o r s  ( t h e  difference between the  experi-  

men a,id t he  cqnt ro l  was unre l iab le ) .  

The combination of f l i g h t  f a c t o r s  caused a inoderate ac t i va t ion  of 

prophagi, ;r the lysogenic bac t e r i a  and exerted no e f f e c t  on t he  frequency 

of formation of spontaneous auxotrophic mutations [21]. 

Thus, t he  c i t e d  da ta  show t h a t  the  f l i g h t  conditions on t h e  "Zond-5, 6 ,  

7 "  s t a t i o n s  caused d e f i n i t e  s h i f t s  i n  t he  physiological funct ions and 

hered i ta ry  s t r u c t u r e s  of a number of s tud ied  objec ts .  It is extremely 

important t h a t  both q u a l i t a t i v e l y  and quan t i t a t i ve ly  these changes i n  most 

cases  d id  not d i f f e r  from the  s h i f t s  r eg i s t e r ed  i n  experiments made i n  o r b i t s  

below the  r ad i a t i on  be l t s .  

One exception is the  r e s u l t s  obtained i n  a number of experiments in-  

volving the  cytogenetic inves t iga t ion  of pine and bar ley seeds ("Zond-5, 6 ,  

7") and the  c e l l s  of some Chlore l la  s t r a i n s  ("Zond-5"). The f l i g h t  

conditions on the  s t a t i o n s  caused a r e l a t i v e l y  la rge  increase i n  t he  number 

of chromosomal rearrangements i n  pine and bar ley seeds and an increase i n  t he  

number of mutants i n  t he  s t r a i n s  LARG-1 and WG-5. A t  p resen t ,  it is 

extremely d i f f i c u l t  t o  t e l l  what spacef l igh t  f a c t o r s  were responsible  f o r  these 

impairments. Since t h i s  ? f f e c t  c o r r e l a t e s  with t he  r ad iosens i t i v i t y  of these  

seeds and Chlore l la  s t r a i n s ,  it can be surmised, f o r  example, t h a t  it is 

associated pr imari ly  with t h e  influence of ionizing rad ia t ion  of the  r ad i a t i on  

b e l t s  o r  t he  heavy component of primary cosmic rays. However, it is e n t i r e l y  

obvious t h a t  both t h i s  and o ther  possible  hypotheses concerning the  causes 

and mechanisms of t he  detected s h i f t s  requi re  f u r t h e r  checking and refinement. 

The investigat4ons made on the  1fZond-7n s t a t i o n ,  a s  well  a s  laboratory 

cont ro l  experiments, made it possible  t o  e s t a b l i s h  t h a t  some of the  s h i f t s  

detected i n  t o r t o i s e s  ca r r i ed  aboard t he  "Zond-3" s t a t i o n  were caused p r i -  

marily by f a c t o r s  unrelated t o  the  f l i g h t .  



Analysis of the collected data revealed that the radiation conditions 

on the investigated earth-moon-earth trajectory are not dangerous for 

manned flights provided that solar activity is at a low level. 
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